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(57) ABSTRACT 

An electromagnetic force-compensation direct-measuring 
system is disclosed. Referred to as direct-measuring system, 
it comprises a parallel-guiding mechanism; and a load 
receiver connected With the parallel-guiding mechanism and 
connected to a force-compensation device by a force-trans 
mitting rod. The force-compensation device can include at 
least one permanent magnet and a coil that is electrically 
connected to a control circuit. At least one component of the 
parallel-guiding mechanism is con?gured to transmit electric 
signals. 

21 Claims, 4 Drawing Sheets 
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WEIGHING CELL INCLUDING PARALLEL 
GUIDING MECHANISM CONFIGURED TO 

TRANSMIT SIGNALS 

RELATED APPLICATIONS 

This application claims priority under 35 U.S.C. §119 to 
EP Application 061247193 ?led in Europe on Nov. 24, 2006, 
the entire contents of Which are hereby incorporated by ref 
erence in their entireties. 

TECHNICAL FIELD 

The disclosure relates to an electromagnetic force-com 
pensation direct-measuring system With a load receiver and a 
force-compensation device Which includes a coil and a per 
manent magnet. 

BACKGROUND INFORMATION 

An electromagnetic force-compensation direct-measuring 
system, hereinafter referred to as direct-measuring system, is 
distinguished by the fact that the load receiver is connected 
through a force-transmitting rod directly to the force compen 
sation device. 
Under the principle of electromagnetic force compensa 

tion, the force that is caused by a load resting on the Weighing 
pan or on the load receiver is counterbalanced by a force 
compensation device consisting of at least one permanent 
magnet and a coil, Wherein the current is being measured 
Which ?oWs through the coil in order to generate the compen 
sating force. The value determined by this measurement is 
proportional to the force placed on the Weighing pan. HoW 
ever, the measurement value also depends on the position of 
the coil in the magnetic ?eld of the permanent magnet, and the 
coil therefore alWays has to be in the same position relative to 
the magnet When taking a measurement. The position of the 
coil after the load has been applied is measured by Way of a 
position sensor, and the current in the coil is increased until 
the position change of the coil relative to the permanent 
magnet Which occurred as a result of the load has been com 
pensated. At this point the coil current is measured Which, in 
turn, represents a measure for the Weight of the load resting on 
the Weighing pan. 
A direct-measuring system is disclosed in CH 593 481 A5, 

Wherein the load receiver is coupled directly to the force 
compensation device by Way of a force-transmitting rod. 
Attached to the force-transmitting rod is the moving part of 
the position sensor, While the stationary part of the position 
sensor is rigidly connected to the portion of the Weighing cell 
that is in solid connection With the housing or, more speci? 
cally, to the stationary portion of the force-compensation 
device. 

This direct-measuring system is used With preference in 
the range of small Weighing loads. The precision of the mea 
surement depends in essence on the resolution and on the 
arrangement of the position sensor in the direct-measuring 
system. The load receiver and the coil of the force-compen 
sation device have to be precisely guided in their mobility 
relative to the stationary part of the Weighing cell. This is 
accomplished through a parallel-guiding mechanism Whose 
movable parallel leg is connected to the force-transmitting 
rod and Whose stationary parallel leg is rigidly connected to 
the housing-mounted portion of the Weighing cell. The mov 
able parallel leg and the stationary parallel leg are connected 
to each other by tWo parallel guides With thin, ?exibly bend 
ing pivot areas, so-called ?exure pivots. HoWever, it is also 
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2 
possible to use elastically ?exible parallel guides, in Which 
case the ?exure pivots are omitted. When a load is placed on 
the load receiver, the force-transmitting rod moves in the 
direction of the load, causing the parallel guides to be 
de?ected and the ?exure pivots or elastically ?exible parallel 
guides to be bent. 
The parallel-guiding mechanism normally has a position 

restoring force as indicated by its spring constant Which, like 
a load placed on the load receiver, has an effect on the dis 
placement of the coil and should likeWise be compensated. 

Normally, the coil of the force-compensation device is 
electrically connected through thin Wires to a control circuit. 
This arrangement has the disadvantage that in addition to 
providing the electrical connection, the Wires also establish a 
mechanical connection from the stationary to the movable 
part of the Weighing cell. This introduces an additional spring 
constant into the direct-measuring system, Which interacts 
With the parallel- guiding mechanism and can introduce errors 
into the Weighing result. The Wires are normally connected by 
soldering and are con?gured as exceptionally thin ?laments 
in order to keep the added spring constant as small as possible. 
HoWever, the Wire ?laments are dif?cult to connect and it can 
easily happen that one of the Wires breaks loose, making the 
balance inoperable. 
The spring constant Which results from the mechanical 

connection of the movable and the stationary part of the 
Weighing cell through the coil circuit connections affects 
most of all the performance of Weighing cells for the range of 
small Weighing loads, and/or in case of a high resolution it 
affects the Weighing result, because in this case even the 
smallest changes of the spring constants are enough to cause 
a change of the measurement result. 

It has further been found in particular in compact Weighing 
modules With direct-measuring systems for multi-module 
Weighing devices of the type disclosed for example in EP 
1726926 A1, that the drift of the Zero point of a direct 
measuring system is negatively affected if the parts of the 
parallel-guiding mechanism and/or of the force-transmitting 
rod that are connected to the position sensor exhibit a differ 
ent amount of thermal expansion. 

SUMMARY 

Thus, an obj ect of the disclosure is to provide the capability 
for the transmission of electrical signals in a direct-measuring 
system, in particular to supply poWer to the coil, Without 
introducing an additional spring constant. A further objective 
is to provide a direct-measuring system With the smallest 
possible amount of Zero-point drift. 
An electromagnetic force-compensation direct-measuring 

system, hereinafter referred to as direct-measuring system, 
comprises a parallel-guiding mechanism; and a load receiver 
connected With the parallel-guiding mechanism and con 
nected to a force-compensation device by a force-transmit 
ting rod. The force-compensation device can include at least 
one permanent magnet and a coil that is connected to a control 
circuit. At least one component of the parallel-guiding 
mechanism is con?gured to transmit analog and/or digital 
signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The draWings illustrate different exemplary embodiments 
of a direct-measuring system according to the invention, 
Wherein 

FIG. 1 shoWs an exemplary direct-measuring system in a 
sectional vieW With a load receiver, a force-transmitting rod, 
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a parallel-guiding mechanism and a force-compensation 
device Which has a coil that is connected through at least one 
component of the parallel-guiding mechanism to a control 
circuit; 

FIG. 2 shoWs the force-compensation device and the par 
allel-guiding mechanism of the direct-measuring system of 
FIG. 1 in a sectional vieW; 

FIG. 3 represents a plan vieW of a parallel-guiding member 
With tWo electrical conductor traces; 

FIG. 4 illustrates a parallel-guiding member With tWo con 
ductive layers shoWn in a sectional vieW and in a plan vieW; 

FIG. 5 shoWs a perspective vieW of a direct-measuring 
system With a parallel-guiding mechanism that has tWo upper 
and tWo loWer parallel guides; and 

FIG. 6 shoWs a direct-measuring system in a sectional vieW 
With a load receiver, a force-transmitting rod, a parallel-guid 
ing mechanism, a force-compensation device Which has a coil 
that is connected through at least one component of the par 
allel-guiding mechanism to a control circuit, and at least one 
sensor that is connected through at least one component of the 
parallel-guiding mechanism to a measuring- and/or control 
circuit; 

DETAILED DESCRIPTION 

A parallel-guiding mechanism With a plurality of compo 
nents and a component of the parallel-guiding mechanism as 
disclosed can be used in the sense of a parallel-guiding 
mechanism consisting of a plurality of structural parts as Well 
as a parallel-guiding mechanism With a plurality of functional 
portions or operating parts. 
By transmitting electrical signals through at least one com 

ponent of the parallel-guiding mechanism, it becomes pos 
sible to transmit these signals Without introducing an addi 
tional mechanical connection betWeen the stationary and the 
movable part of the Weighing cell, Whereby for example the 
measurement accuracy, the stability of the Zero point as Well 
as the reproducibility of the Weighing cell can be improved. 

The component of the parallel-guiding mechanism can be 
electrically tied into the control circuit and serves for the 
transmission of electric currents and/or poWer. 

The concept of tying the component of the parallel-guiding 
mechanism into the control circuit makes it possible to supply 
poWer to the coil Without setting up an additional mechanical 
connection betWeen the stationary and the movable portion of 
the Weighing cell. 

Besides electrical currents, the electrical signals being 
transmitted can also be analog and/ or digital measuring sig 
nals and/or control signals Which are exchanged betWeen at 
least one sensor that is arranged in and/ or at the direct-mea 
suring system and a measuring- and/or control unit. It sug 
gests itself to direct the electric currents and the measuring 
and/ or control signals through the same conductor traces 
and/ or through traces that are arranged substantially parallel 
to each other. 
A sensor of this kind can be con?gured for example for the 

measurement of temperature, heat ?oW, pressure, humidity, 
radiation, acceleration, or other physical or chemical quanti 
ties. These sensors provide the capability to check parameters 
such as the temperature inside the direct-measuring system, 
Which can for example affect the performance of the direct 
measuring system and in particular the Weighing result. If a 
direct-measuring system constitutes for example a part of an 
analytical, thermo-analytical or thermo-gravimetric measur 
ing instrument, the sensors can also serve to measure param 
eters that are relevant to the measuring principle of the instru 
ment. Such parameters can be for example the temperature or 
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4 
changes of the temperature of a sample placed on the load 
receiver, or the heat ?oW through the sample on the load 
receiver. 

The folloWing is substantially a description of the structure 
of direct-measuring systems in Which at least one component 
of the parallel-guiding mechanism is designed With the capa 
bility to transmit electric currents and is tied into the control 
circuit of the coil. In addition to the electric current signals, it 
is also possible to direct measurement signals and/or control 
signals of a measuring- and/or control circuit according to the 
disclosure through at least one component of the parallel 
guiding mechanism, Wherein the latter signals can be carried 
by the same and/or additional conductors. 
The component of the parallel-guiding mechanism can 

consist for example partially and/or in its entirety of an elec 
trically conductive material and can be electrically tied 
directly into the coil circuit through appropriate electrical 
contacts, Wherein the contact point itself should be electri 
cally insulated in order to avoid undesirable electrical effects. 

Furthermore, at least one surface of the component of the 
parallel-guiding mechanism can be covered partially and/or 
in its entirety With an electrically conductive coating. With a 
partial coating, it suggests itself for example to apply the 
electrically conductive coating in the form of a pattern that 
forms one or more electrical conductor traces. 

If a component of the parallel-guiding mechanism carries a 
plurality of electrical conductor traces, the latter should be 
insulated from each other. 
The component of the parallel-guiding mechanism can 

also be con?gured With a plurality of layers, for example in 
the form of one or more insulating layers deposited on a 
conductive core or the form of one or more conductive layers 
deposited on an insulating core. 

In an exemplary embodiment, a component of the parallel 
guiding mechanism comprises at least tWo conductor traces 
that are insulated from each other, so that the component is 
capable of transmitting electrical signals. This component of 
the parallel-guiding mechanism can be connected to the con 
trol circuit and/ or to the measuring- and/ or control circuit. An 
exemplary con?guration of this kind is useful in the case of a 
complex parallel-guiding mechanism. 
An exemplary direct-measuring system can have a paral 

lel-guiding mechanism in a variety of con?gurations. The 
parallel-guiding mechanism can for example have a movable 
parallel leg and a stationary parallel leg Which are connected 
to each other through rigid parallel guides by means of thin, 
?exibly bending pivot areas. 
An exemplary component of the parallel-guiding mecha 

nism is a parallel leg and/ or a parallel guide. 
The parallel-guiding mechanism in a further exemplary 

embodiment has at least tWo parallel-guiding members, for 
example in the form of elastically resilient, diaphragm-like 
parallel-guiding elements With suitably contoured cutout por 
tions to form Within the diaphragm a stationary parallel leg as 
Well as a movable parallel leg Which are connected through at 
least one parallel guide. Parallel-guiding members of this 
type are disclosed among other things in EP 1726926 A1. In 
an exemplary embodiment of this kind, the parallel-guiding 
member or at least a parallel guide formed in it and/ or at least 
one parallel leg formed in it can serve for the transmission of 
electric signals and can be tied into the control circuit and/or 
the measuring- and/ or control circuit. To determine the posi 
tion of the coil after a load has been applied, the direct 
measuring system is equipped With a position marker. The 
position of the position marker can be determined With a 
suitable sensor arrangement. The position marker can for 
example be an aperture slot Which is arranged on the force 



5 
transmitting rod. The known state of the art includes a variety 
of sensor arrangements to determine the position of the posi 
tion marker, With an optical sensor being the preferred solu 
tion. 

The direct-measuring system in a further exemplary 
embodiment includes a parallel-guiding mechanism Which 
includes an upper and a loWer parallel-guiding member and is 
distinguished by the fact that the position marker is arranged 
essentially midWay betWeen the upper and the loWer parallel 
guiding member. 

For such an exemplary arrangement, the thermal expansion 
of the parts of the force-transmitting rod that are connected to 
the position marker as Well as the thermal expansion of the 
upper and the loWer parallel-guiding member are substan 
tially equal and Will therefore hardly have an effect on the 
Zero point drift of the direct-measuring system. 

The upper and the loWer parallel-guiding member can be 
arranged in particular betWeen the load receiver and the force 
compensation device. 

The position of the position marker can be determined by 
means of the sensor arrangement Which is likeWise arranged 
substantially midWay betWeen the upper and the loWer paral 
lel-guiding member. 

FIG. 1 illustrates an exemplary direct-measuring system 1 
in a sectional vieW With a housing 2. FIG. 2 represents a detail 
of FIG. 1 Without the housing. The folloWing description 
applies substantially to both FIGS. 1 and 2, Wherein identical 
features have the same reference symbols. 

The direct-measuring system 1 has a load receiver 8 Which 
is connected to a force-compensation device 12 by Way of a 
force-transmitting rod 5, 5' and a position marker 27. The load 
receiver 8 and a coil 11 of the force-compensation device 12 
are precisely guided in their movement relative to a housing 
connected ?xed part 2 of the direct-measuring system 1. This 
is accomplished With a parallel-guiding mechanism Which 
has tWo parallel-guiding members 3, 4, Whose construction 
details Will be described With the help of FIGS. 3 and 4. The 
movable parallel legs of the tWo parallel-guiding members 3, 
4 are attached to the force-transmitting rod 5, 5', While the 
stationary parallel legs are rigidly connected to the stationary 
part of the force-compensation device 12. 

The position marker 27 is arranged at the force-transmit 
ting rod 5, 5' substantially midWay betWeen the parallel 
guiding members 3, 4. The position marker 27 shoWn here has 
the form of a simple aperture slot betWeen the section 5 of the 
force-transmitting rod that is connected to a load receiver 8 
and the section 5' of the force-transmitting rod that is con 
nected to the force-compensation device 12. 

The position of the position marker 27, speci?cally of the 
aperture slot, is determined optically by means of a stationary 
sensor arrangement 26. The sensor arrangement 26 is like 
Wise arranged substantially midWay betWeen the parallel 
guiding members 3, 4. If for example a force is acting on the 
load receiver 8, the force-transmitting rod 5, 5' moves in the 
direction of the load, and the position marker 27 changes its 
position relative to the sensor arrangement 26. By changing 
the amount of compensation current ?oWing through the 
force-compensation device 12, the effect of the load is com 
pensated and the position marker 27 is returned to its original 
position. The compensation current represents a measure for 
the Weight of the load placed on the load receiver. 

The force-compensation device 12 consists of tWo perma 
nent magnets 9, 9' With a pole piece 10 arranged betWeen 
them. The pole piece 10 is surrounded by a coil 11 Which is 
only schematically outlined in the draWing. The coil 11 is 
connected by Way of tWo electrical conductors to a control 
circuit Which is symbolically indicated by the poWer supply 
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6 
15. The ?rst conductor includes a conductor section 13 con 
nected directly to the coil 11 and continues through the loWer 
parallel-guiding member 4 and a conductor section 13' Which 
connects the parallel-guiding member 4 to the poWer supply 
15. The second conductor includes a conductor section 14 
connected to the coil 11 and continues through the upper 
parallel-guiding member 3 as Well as the conductor section 
14'. At least the fastening portions of the conductors, speci? 
cally Where the conductor sections are attached to the paral 
lel-guiding members 3, 4, are electrically insulated. The com 
pensation current Which is directed through the circuit into 
the coil 11 is controlled by a suitable control unit 16. 

The parallel-guiding members 3, 4 in this example consist 
of an electrically conductive material, so that they can be tied 
directly into the control circuit or into a measuring- and/or 
control circuit Which is not shoWn here (see FIG. 6). Thus, the 
coil current is channeled through the tWo parallel-guiding 
members 3, 4 Without thereby introducing an additional 
mechanical connection betWeen the stationary and the mov 
able part of the Weighing cell. 

FIG. 3 shoWs a plan vieW of a parallel-guiding member 21 
With tWo electrical conductor traces 23, 24. The parallel 
guiding member 21 in this case has three spiral-shaped per 
forations 30, 30', 30" Which form the contours of a movable 
parallel leg 70 for connection to the force-transmitting rod, a 
stationary parallel leg 72 for connection to the housing, as 
Well as three parallel guides 71, 71', 71" Which connect the 
stationary parallel leg and the movable parallel leg to each 
other. As shoWn in, FIGS. 1 and 2, the force-transmitting rod 
is constrained in the opening 20 of the parallel-guiding mem 
ber 21. 
TWo of the parallel guides 71', 71" are provided With elec 

trical conductor traces 23, 24, Which folloW the shape of the 
parallel guides 71', 71". The conductor traces 23, 24 are 
electrically insulated form each other by the perforations 30. 
Methods for producing conductor traces 23, 24 of this type on 
a surface of the parallel-guiding member 21 belong to the 
knoWn state of the art and Will not be described in detail 
herein. As an example, the parallel-guiding member 21 may 
consist of an electrically insulating material on Which an 
electrically conductive material can be deposited in order to 
form the conductor traces. 
One of the tWo conductor traces 23, 24 is tied into the ?rst 

conductor and the other is electrically tied into the second 
conductor. The force-compensation device With the coil is 
arranged for example beloW the parallel-guiding members, as 
shoWn in FIGS. 1 and 2. The coil and the conductor traces 23, 
24 Which are formed on the parallel-guiding member 21 
illustrated here are connected by Way of the conductor sec 
tions 113, 114.At their opposite ends, the conductor traces 23, 
24 are in contact by Way of suitable conductor sections 113', 
114" With a poWer supply (not shoWn here) as Well as a control 
unit. A parallel-guiding member 21 of this con?guration can 
be installed as an upper and/or loWer parallel-guiding mem 
ber in the direct-measuring system shoWn in FIGS. 1 and 2. 

Since the parallel-guiding member 21 can carry both the 
in?oW and return of the coil current, there is normally only 
one parallel-guiding member 21 incorporated in the control 
circuit of the coil. 
A parallel-guiding member 17 of an alternative design With 

tWo conductive layers 60, 61 is shoWn in a sectional vieW in 
FIG. 4a and in plan vieW in FIG. 4b. The parallel-guiding 
member 17 has U-shaped perforations 62 as Well as a central 
opening 220 for the force-transmitting rod 5. The U-shaped 
perforations 62 delineate elastically resilient parallel guides 
63 of a back and forth folded shape. The parallel guides 63 
connect the movable parallel leg 64 in the center of the par 
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allel-guiding member 17 With the stationary parallel leg 65, 
Wherein the stationary parallel leg 65 surrounds the parallel 
guides 63 and the movable parallel leg 64 as a closed frame. 
The border area of the stationary parallel leg 65 can be solidly 
?xed in the housing With suitable fastener means. 

Both surfaces of the parallel-guiding member 17 With the 
exception of a border area are coated With an electrically 
conductive material 60, 61. The coating layer 60 With the 
conductor section 213, 213' establishes one electrical connec 
tion and the other coating layer 61 With the conductor section 
214, 214' establishes another electrical connection betWeen 
the coil and the control circuit Which are not shoWn in this 
draWing. Thus, the current enters the coil for example through 
the surface of the parallel-guiding member 17 that faces 
toWards the coil, and the return current ?oWs through the 
surface facing aWay from the coil, so that in a direct-measur 
ing system With a plurality of parallel-guiding members, only 
one parallel-guiding member needs to be electrically tied into 
the control circuit. It is also possible to provide only one 
surface of the parallel-guiding member With a coating and to 
connect the coil circuit for example through tWo parallel 
guiding members of identical construction. 

The parallel-guiding members shoWn in FIGS. 3, 4a and 4b 
can also carry several of the illustrated conductor traces, so 
that besides a poWer supply, it is also possible to tie at least 
one sensor of the direct-measuring system into a measuring 
and/ or control circuit. The measuring- and/or control signals 
of the sensor can in this case be directed through the same 
conductors or conductor traces that are also incorporated in 
the control circuit, or they can be directed through further 
conductor traces Which are arranged substantially parallel to 
those of the control circuit (see also FIG. 6). 
As a further example of an embodiment of the disclosure, 

FIG. 5 shoWs a direct-measuring system 40 With a load 
receiver 41. A Weighing module 40 of this kind can for 
example be part of a multi-module Weighing arrangement in 
Which a plurality of direct-measuring systems is arranged in 
relation to each other according to a given spatial pattern. The 
direct-measuring system 40 is rigidly connected to a holding 
structure 42 With suitable fastener means. The force-compen 
sation device 43 of the Weighing module 40 has a coil (not 
shoWn here) Which is connected to a force-transmitting rod 
44. Attached to the top of the force-transmitting rod 44 is the 
load receiver 41. The force-transmitting rod 44 is connected 
to the movable parallel leg of a parallel-guiding mechanism 
45. This parallel-guiding mechanism has tWo upper parallel 
guides 46 and tWo loWer parallel guides 47 Which are 
arranged in V-shaped pairs With the parallel guides of each 
pair meeting at the movable parallel leg of the parallel-guid 
ing mechanism 45 and are connected to the movable parallel 
leg through ?exure pivots 48, Wherein the movable parallel 
leg is composed of an upper movable parallel leg 49 and a 
loWer movable parallel leg 50 Which are separated from each 
other by the spacer piece 51. 

The stationary part of the parallel-guiding mechanism 45 
includes the upper stationary parts 52 Which are connected to 
the upper parallel guides 46 through ?exure pivots 53, and it 
further includes the loWer stationary parts 54 Which are like 
Wise connected through ?exure pivots 53 to the loWer parallel 
guides 47, as Well as the spacer pieces 55 Which separate the 
upper stationary parts 52 and the loWer stationary parts 54 by 
the same amount from each other as the spacer piece 51. The 
stationary part of the parallel-guiding mechanism 45 can be 
rigidly connected to a further Weighing cell by screWs 56 
through the spacerpieces 55, Whereby a multi-module Weigh 
ing device is formed. 
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The poWer supply to the coil, Which is located in the Weigh 

ing cell 43, takes place through tWo conductors that are con 
nected to a poWer supply 59 and to a control unit (not shoWn 
here). The ?rst conductor in the illustrated example includes 
a conductor section 57 connected to the coil, an upper parallel 
guide 46, and the conductor section 57'. The second conduc 
tor includes a conductor section 58 connected to the coil, the 
second upper parallel guide 46', and a further conductor sec 
tion 58'. The conductor sections 57, 58 can be taken through 
a passage 18 in the holding structure 42 as shoWn here, but it 
is also possible for the conductor sections 57, 58, Which 
connect the coil to one of the parallel legs 49, 50, to be 
arranged inside the force-transmitting rod 44. As has already 
been described in the context of FIGS. 1 to 4, the conducting 
parallel guides 46, 47 either have an electrically conductive 
coating, a trace pattern of an electrically conductive material, 
or an, electrically conductive core Which is insulated on the 
outside. As another possibility a parallel guide that is electri 
cally insulated against the rest of the parallel-guiding mecha 
nism could be tied into the circuit. 
The direct-measuring system shoWn in FIG. 6 is substan 

tially analogous to the system of FIG. 1. HoWever, the system 
1 illustrated here includes in addition at least one sensor 73, 
74, 75 Which is tied into a measuring- and/or control circuit 
through at least one component of the parallel-guiding 
mechanism. Three sensors 73, 74, 75 are shoWn in FIG. 6 as 
an example, but an exemplary direct-measuring system could 
also have more or feWer sensors Which are arranged at and/or 
in the direct-measuring system. 
The sensors 73, 74, 75 could be con?gured for example for 

the measurement of temperature, heat ?oW, pressure, humid 
ity, radiation, acceleration, or other physical or chemical 
quantities. 
A ?rst sensor 73 is arranged on the load receiver 8. If the 

direct-measuring system is part of a thermo-analytical mea 
suring instrument, the ?rst sensor 73 can serve for example to 
determine temperature changes or to determine the heat ?oW 
through a sample arranged on the load receiver 8. The load 
receiver 8 should in this case be uncoupled from thermal 
communication With the force-transmitting rod 5. The sensor 
73 is connected to tWo conductor sections 76, 76' through 
Which the sensor 73 is tied into the measuring- and/ or control 
circuit on one side through the upper parallel-guiding mem 
ber 3 and on the other side through the loWer parallel-guiding 
member 4 (see also FIGS. 3, 4a and 4b). 
A second sensor 74 is arranged as an example inside the 

direct-measuring system 1 beloW the upper parallel-guiding 
member 3. Depending on the type of sensor 74 being used, it 
can serve to determine one or more physical and/or chemical 

parameters inside the measuring system 1. The sensor 74 is 
likeWise tied into the measuring- and/ or control circuit 
through tWo conductor sections 77, 77', the upper parallel 
guiding member 3 and the loWer parallel-guiding member 4. 
A third sensor 75 is likeWise arranged inside the direct 

measuring system near the sensor arrangement 26, more spe 
ci?cally near the position marker 27, and tied into the mea 
suring- and/or control circuit through tWo conductor sections 
78, 78', the upper parallel-guiding member 3 and the loWer 
parallel-guiding member 4. 

To prevent the sensors 74, 75 Which are arranged inside the 
direct-measuring system 1 from establishing a mechanical 
connection betWeen the movable and the stationary portion of 
the Weighing cell, these sensors are arranged inside the bal 
ance in such a Way that they are in a ?xed location relative to 
the movable portion of the parallel-guiding mechanism and 
have no contact With the stationary portion of the parallel 
guiding mechanism. 
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The signals of the sensors 73, 74, 75 are carried over the 
parallel-guiding members 3, 4 and through tWo further con 
ductor sections 79, 79' to a signal converter 80 Which is 
connected to a control unit 81. Depending on the kind of 
sensors being used, the latter can be connected to a shared 
control unit 81 as shoWn here, or they could also be connected 
to separate units. 

The at least one control unit 81 can be a unit that is used for 
controlling the direct-measuring system, or it can be a unit 
that is independent of the control of the direct-measuring 
system. 
Due to the design structure of the direct-measuring system 

and the possibility to arrange this kind of direct-measuring 
system in an array With a plurality of systems, it suggests 
itself to arrange at least one measuring- and/ or control circuit 
largely in the interior of the direct-measuring system and to 
use the various arrangements shoWn already in FIGS. 1 to 5 
for conducting current also for the transmission of signals. 

The analog or digital signals of the sensors, the signals for 
controlling the sensors, as Well as the poWer supply of the 
sensors can either be directed together With the poWer supply 
loop of the coil through the same conductor traces or through 
traces that are substantially parallel to the coil conductor 
traces in the manner that is shoWn as an example in FIG. 6. 
As in the case of the direct-measuring system shoWn FIGS. 

1 and 6, the direct-measuring system shoWn in, FIG. 5 can 
likeWise have at least one sensor and, connected to the latter, 
at least one measuring- and/ or control circuit, Wherein at least 
one component of the parallel-guiding mechanism is tied into 
the measuring- and/or control circuit. 

It Will be appreciated by those skilled in the art that the 
present invention can be embodied in other speci?c forms 
Without departing from the spirit or essential characteristics 
thereof. The presently disclosed embodiments are therefore 
considered in all respects to be illustrative and not restricted. 
The scope of the invention is indicated by the appended 
claims rather than the foregoing description and all changes 
that come Within the meaning and range and equivalence 
thereof are intended to be embraced therein. 

LIST OF REFERENCE SYMBOLS 

1 direct-measuring system 
2 housing 
3 parallel-guiding member 
4 parallel-guiding member 
5 force-transmitting rod 
8 load receiver 
9, 9' magnet 
10 pole piece 
11 coil 
12 force-compensation device 
13, 13', 113 conductor section 
113', 213, 213' conductor section 
14, 14', 114 conductor section 
114', 214, 214' conductor section 
15 poWer supply/control circuit 
16 control unit 
17 parallel-guiding member 
18 passage 
20, 220 opening 
21 parallel-guiding member 
23 electrically conductive pattern/trace 
24 electrically conductive pattern/trace 
26 sensor arrangement 
27 position marker 
30, 30', 30" perforation 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
40 direct-measuring system 
41 load receiver 
42 holding structure 
43 force-compensation device 
44 force-transmitting rod 
45 parallel-guiding mechanism 
46, 46' upper parallel guide 
47 loWer parallel guide 
48 thin ?exure pivot 
49 upper movable parallel leg 
50 loWer movable parallel leg 
51 spacer piece 
52 upper stationary part 
53 thin ?exure pivot 
54 loWer stationary part 
55 spacer piece 
56 screWs 

57, 57' conductor section 
58, 58' conductor section 
59 poWer supply 
60 electrically conductive coating 
61 electrically conductive coating 
62 perforations 
63 parallel guide 
64 movable parallel leg 
65 stationary parallel leg 
70 movable parallel leg 
71, 71', 71" parallel leg 
72 stationary parallel leg 
73 ?rst sensor 

74 second sensor 
75 third sensor 

76, 76' conductor section 
77, 77' conductor section 
78, 78' conductor section 
79, 79' conductor section 
80 signal converter 
81 control unit 

What is claimed is: 
1. Electromagnetic force-compensation direct-measuring 

system comprising: 
a parallel-guiding mechanism; and 
a load receiver connected With the parallel- guiding mecha 

nism and connected to a force-compensation device by a 
force-transmitting rod, Wherein the force-compensation 
device includes at least one permanent magnet and a coil 
that is connected to a control circuit, and Wherein at least 
one component of the parallel-guiding mechanism is 
con?gured to transmit analog and/or digital signals. 

2. System according to claim 1, Wherein said component of 
the parallel-guiding mechanism is tied into the control circuit 
and serves for transmission of electric currents. 

3. System according to claim 2, Wherein the direct-mea 
suring system comprises: 

at least one sensor that is connected to at least one of said 
control circuit and a second circuit designed as a mea 
suring- and/or control circuit, Wherein the component of 
the parallel-guiding mechanism is tied into the control 
circuit and/or the second circuit, and serves for the trans 
mission of measurement and/or control signals. 

4. System according to claim 3, Wherein the sensor is 
designed as a temperature sensor, heat ?oW sensor, pressure 
sensor, humidity sensor, radiation sensor, or acceleration sen 
sor, or for the measurement of other physical or chemical 
quantities. 
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5. System according to claim 3, wherein said component of 
the parallel-guiding mechanism consists of a conductive 
material. 

6. System according to claim 3, Wherein at least one surface 
of the component of the parallel-guiding mechanism com 
prises: 

a conductive coating layer. 
7. System according to claim 6, Wherein the component of 

the parallel-guiding mechanism comprises: 
at least tWo conductor traces that are electrically insulated 

from each other. 
8. System according to claim 1, Wherein said component of 

the parallel-guiding mechanism is a parallel leg and/or a 
parallel guide. 

9. System according to claim 8, Wherein a parallel-guiding 
member comprises: 

at least one stationary parallel leg and at least one movable 
parallel leg Which are connected to each other by at least 
one parallel guide. 

10. System according to claim 1, comprising: 
a position marker, Wherein the parallel- guiding mechanism 

includes at least one upper parallel-guiding member and 
at least one loWer parallel-guiding member, the position 
marker being arranged substantially midWay betWeen 
the upper parallel-guiding member and the loWer paral 
lel-guiding member. 

11. System according to claim 10, Wherein the loWer par 
allel-guiding member and the upper parallel-guiding member 
are arranged betWeen the load receiver and the force-com 
pensation device. 

12. System according to claim 10, comprising: 
a sensor arrangement serving to control the position of the 

position marker. 
13. System, according to claim 12, Wherein the sensor 

arrangement is arranged substantially midWay betWeen the 
upper parallel-guiding member and the loWer parallel-guid 
ing member. 

14. System according to claim 1, comprising: 
at least one sensor that is connected to said control circuit 

or to a second circuit designed as a measuring and/or 
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control circuit, Wherein the component of the parallel 
guiding mechanism is tied into the control circuit and/or 
the measuring circuit and serves for transmission of 
measurement and/or control signals. 

15. System according to claim 1, Wherein said component 
of the parallel-guiding mechanism consists of a conductive 
material. 

16. System according to claim 2, Wherein said component 
of the parallel-guiding mechanism consists of a conductive 
material. 

17. System according to claim 1, Wherein at least one 
surface of the component of the parallel-guiding mechanism 
comprises: 

a conductive coating layer. 
18. System according to claim 2, Wherein at least one 

surface of the component of the parallel-guiding mechanism 
comprises: 

a conductive coating layer. 
19. System according to claim 1, Wherein the component of 

the parallel-guiding mechanism comprises: 
at least tWo conductor traces that are electrically insulated 

from each other. 
20. A force-compensation device comprising: 
a permanent magnet; 
a control circuit; 
a coil that is electrically connected to the control circuit; 

and 
a parallel-guiding mechanism having at least one compo 

nent con?gured to transmit analog and/or digital signals 
of the control circuit, Wherein a load receiver is con 
nected to the force-compensation device by a force 
transmitting rod. 

21. System according to claim 20, comprising: 
at least one sensor that is connected to said control circuit 

or to a second circuit designed as a measuring and/or 
control circuit, Wherein the component of the parallel 
guiding mechanism is tied into the control circuit and/or 
the measuring circuit and serves for transmission of 
measurement and/or control signals. 

* * * * * 


